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Background: Endovascular repair of peripheral arterial trauma using covered stent grafts is a minimally invasive alternative
to open surgery in selected patients. Although the technical feasibility of endovascular repair has been established, there
are a paucity of data regarding outcomes. The purpose of this study was to evaluate the short-term outcomes of endo-
vascular repair in patients with peripheral arterial trauma.
Methods: A review of a prospectively collected institutional trauma registry captured all patients with peripheral arterial
injury who underwent endovascular repair from August 2004 to June 2012. Data collected included demographics,
Injury Severity Score (ISS), mechanism, location and type of injury, imaging modality, intervention type, complications
and reintervention, length of stay, and follow-up. Descriptive statistics were used for analysis.
Results: During the study period, we performed endovascular repair in 28 patients with peripheral arterial injuries. There
were 20male patients (71%) with a median age of 39 years (range, 13-88 years). The mean ISS was 17.2 (range, 9-41). The
mechanism of injurywas penetrating in 21 (75%) and blunt in seven (25%). The anatomic locations of the 28 arterial injuries
were carotid (3 [11%]), subclavian (7 [25%]), axillary (6 [22%]), iliac (3 [11%]), and femoral/popliteal (9 [32%]). Findings
consistent with injury on imaging included pseudoaneurysms (9 [32%]), extravasations (9 [32%]), occlusions (6 [22%]),
and arteriovenous ﬁstulas (4 [14%]). Technical success was achieved in all patients. The overall complication rate was 21%,
with six patients requiring a secondary procedure. Two patients underwent a planned, elective conversion to open repair
during the initial hospitalization. Four patients required conversion secondary to stent graft thrombosis. Three conversions
were early (<30 days) and one was late (>30 days). The mean length of stay was 18.46 22.9 days (range, 1-93 days), with a
median follow-up of 13months (range, 1-60months). The overall limb salvage rate was 92% at 45 days and 79% at 93 days.
Conclusions: The present study outlines our early experience with endovascular repair of peripheral arterial injuries in a
variety of anatomic locations. Overall complication rates are appreciable but can be effectively detected and managed with
additional intervention. The inclusion of endovascular modalities in algorithms of trauma care holds considerable
promise. The need to better deﬁne optimal algorithms for utilization and determine long-term outcomes of intervention
requires signiﬁcant additional study. (J Vasc Surg 2014;60:1309-14.)Endovascular repair of peripheral arterial trauma is a
minimally invasive alternative to open surgery in selected
patients. With the development and adoption of endovas-
cular techniques, management of peripheral vascular in-
juries with covered stents has become more accepted by
trauma care providers. Although the technical feasibility
of endovascular repair has been established, hesitation sur-
rounding the use of this modality stems from lack of data
regarding short-term and long-term outcomes. Trauma pa-
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://dx.doi.org/10.1016/j.jvs.2014.05.016repair is paramount. The purpose of this study was to eval-
uate the short-term outcomes of endovascular repair in
patients with peripheral arterial trauma at an urban level
1 trauma center.
METHODS
The Committee for the Protection of Human Subjects,
the local Institutional Review Board, approved this study.
Deﬁnitions and study design. A review of a prospec-
tive institutional trauma database identiﬁed all patients with
peripheral arterial injury admitted from August 2004 to
June 2012. Data collected included demographics, Injury
Severity Score (ISS), mechanism, location and type of
injury, imaging modality, intervention type, complications
and reintervention, length of stay, and follow-up.
Arterial injury was identiﬁed by preoperative computed
tomography or angiography, or both, and was deﬁned as
any ﬂow-limiting or ﬂow-altering trauma to a vessel. Failure
of the stent graft (eg, infection, rupture, thrombosis, stenosis,
or reinterventionby thrombectomy, revision or replacement)
that required another unplanned intervention was reported
as a complication. Primary outcomes were graft patency
assessed by physical examination or noninvasive imaging.
Patient selection and endovascular approach. Pa-
tients were selected for endovascular repair if they did1309
Table I. Demographics, mechanism of injury,
angiography ﬁndings, Injury Severity Score (ISS), length
of stay, and ﬁndings at follow-up for all study patients
Variable Result (N ¼ 28)
Age, years 39.2 6 20.5
Male gender 20 (71)
ISS 17.4 6 8.7
Length of stay, days 18.4 6 22.9
Follow-up, months 13 (1-60)
Amputation 2 (7)
Mortality 5 (18)
Mechanism of injury
Penetrating 21 (75)
Blunt 7 (25)
Angiography ﬁnding
Occlusion 6 (20)
Arteriovenous ﬁstula 4 (14)
Pseudoaneurysm 9 (35)
Extravasation 9 (35)
Vascular injury
Common carotid 1 (3)
Internal carotid 2 (7)
Subclavian 7 (25)
Axillary 6 (22)
Common iliac 1 (3)
External iliac 1 (3)
Internal iliac 1 (3)
Superﬁcial femoral 1 (3)
Popliteal 8 (30)
SD, Standard deviation.
Continuous data are presented as mean 6 standard deviation, and cate-
gorical data are presented as number (%) or median (range).
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access site, and available imaging indicated a lesion
amenable to stent graft repair. Percutaneous or open
femoral access was obtained for neck, pelvis, and lower ex-
tremity trauma. For upper extremity trauma, the diagnostic
study was usually performed through percutaneous femoral
access, whereas the device delivery was often done through
open brachial artery access.
A diagnostic arteriogram was performed to conﬁrm the
location of the injury. The diameter of the vessel was
measured, and an appropriately sized stent graft was
selected. All stent grafts were Gore Viabahn (W. L. Gore
and Associates, Flagstaff, Ariz). Oversizing was based on
the manufacturer’s instructions for use.
After placement of a sheath, the lesionwas traversedwith
a hydrophilic wire. When crossing the lesion in an antegrade
fashion was not feasible, a second wire was passed in a retro-
grade fashion and captured using a snare. The stent graft was
then delivered over a stiff wire and deployed in standard
fashion. Additional extensions were placed, if necessary, to
fully cover the site of injury. Postdeployment balloon angio-
plasty was performed if stent graft remodeling was necessary.
Technical success was deﬁned as the establishment of
in-line ﬂow at the end of the endovascular procedure as
determined by completion angiogram. Only patients that
we intended to treat using an endovascular approach
were included in this study. Excluded were two patients
who had a temporary endovascular intervention as a bridge
to eventual open bypass.
Data analysis. Patients with peripheral vascular trauma
treated with an endovascular approach were reviewed for
short-term outcomes, deﬁned as occurring #1 year of
the vascular intervention. Patients who developed compli-
cations were compared statistically with those with no
complications by using descriptive statistics and Student t-
tests, with a P value of <.05 deemed signiﬁcant. Median
follow-up was determined for all patients seen in the clinic;
all other values are presented as means with standard de-
viation. Overall graft patency and amputation-free survival
are reported as Kaplan-Meier curves, including the mean,
standard error, and the 95% conﬁdence interval (CI).
RESULTS
From August 2004 to June 2012, 223 patients were
admitted to our institution with peripheral arterial injuries,
and 108 (48%) underwent a vascular intervention. Of these,
28 patients (13%) had a peripheral arterial injury that was
managed with endovascular therapy. In the endovascular
intervention group, there were 20 males (71%). The median
age of the cohort was 39 years (range, 13-88 years). The
mean ISSwas 17.2 (range, 9-41). Therewere 21 penetrating
injuries (75%) and seven blunt injuries (25%; Table I).
Sites of injury included the common carotid (1 [3%];
Fig 1, A), internal carotid (2 [7%]), subclavian (7 [25%];
Fig 1, B), axillary (6 [22%]; Fig 1, C-E), common iliac
(1 [3%]), external iliac (1, [3%]), internal iliac (1 [3%]), su-
perﬁcial femoral (1 [3%]), and popliteal (8 [30%]) arteries.
The type of injuries sustained by these vessels includedpseudoaneurysms (9 [32%]), extravasations (9 [32%]), oc-
clusions (6 [22%]), and arteriovenous ﬁstulas (4 [14%]).
Treatment in 23 patients was with one stent graft. Five pa-
tients required the use of additional devices (Fig 1, C-E):
three required two stent grafts, and the other two required
three stent grafts to ensure satisfactory proximal and distal
seal. Technical success was achieved in all 28 patients, with
establishment of in-line ﬂow at the end of the endovascular
procedure as determined by completion angiogram.
Seven patients were lost to follow-up in the clinic: ﬁve
died before they were seen in the clinic, and two underwent
an amputation. The total follow-up period was determined
by total inpatient stay or overall follow-up in the clinic,
whichever was greater. Fourteen patients (50%) were seen
in the clinic with a median follow-up of 13 months (range,
1-60 months). Four patients (14%) required a secondary
procedure within the 13-month follow-up period due to
stent graft thrombosis. Three of these four patients
required open bypass#30 days, and one patient underwent
peripheral bypass at 50 days. All of the vascular injuries had
a concomitant extremity fracture.
The patient who developed the popliteal artery throm-
bosis who subsequently underwent reversed great saphenous
vein bypass on day 3 eventually required a below-knee
amputation due to signiﬁcant soft tissue trauma. We decided
to place a stent graft in this patient due to anatomic
complexity, the extent of soft tissue injury, and his hemody-
namic instability. We were not able to identify any factors a
Fig 1. A, A pseudoaneurysm developed in a 69-year-old woman with gunshot wound to the right common carotid
artery. B, She underwent successful repair with a 5-mm  5-cm stent graft. C, Transection of the right subclavian artery
developed in a 15-year-old boy who sustained blunt trauma to his chest during a motor vehicle collision. The lesion was
(D) crossed with a wire, and two overlapping 6-mm  5-cm stent grafts were placed to span the lesion, (E) resulting in
successful right upper extremity revascularization.
JOURNAL OF VASCULAR SURGERY
Volume 60, Number 5 Desai et al 1311priori that could have contributed to the stent graft throm-
bosis in these patients. Table II details the injury and com-
plications for these patients.
A Kaplan-Meier curve was generated to represent over-
all graft patency during the entire 5-year follow-up period
(Fig 2). The average patency was 3.4 6 0.7 years (95%
CI, 2.2-4.7 years). Cumulative patency was 92% 6 5% at
18 days, 86% 6 8% at 42 days, and 68% 6 13% at 93 days.
Demographics, ISS, and injury characteristics did not
differ signiﬁcantly between patients with and without com-
plications. Of the 28 patients in this study, 22 had isolated
vascular injuries (10 of these 22 also had fractures proxi-
mate to the site of vascular injury,) and six had multi-
trauma, of which one injury involved the vascular system.
Overall, the mean length of stay was 18.4 6 22.9 days
(range, 1-93 days). During follow-up, ﬁve deaths (one
#30 days, four >30 days) resulted from injuries unrelated
to the peripheral vessels. Two amputations resulted in92% 6 7% limb salvage rate at 45 days and 79% 6 14%
at 93 days. One amputation occurred in a patient with an
open wound and limb sepsis, and the second occurred in
a patient with critical unreconstructable limb ischemia.
All other patients seen at follow-up had patent stent grafts,
as conﬁrmed by physical examination, duplex ultrasound
imaging, or computed tomography imaging, or both.
The mean survival was 2.5 6 0.7 years, with a cumula-
tive amputation-free survival of 96% at 4 days, decreasing
to 44% at 380 days (Fig 3). Fig 3 depicts a Kaplan-Meier
curve indicating cumulative amputation-free survival over
5 years. Five patients died and two underwent limb ampu-
tation. The mean survival was 2.5 6 0.7 years (95% CI,
1.1-3.9 years). Cumulative amputation-free survival was
96% 6 4% at 4 days, 92% 6 6% at 6 days, 86% 6 8% at
34 days, 79% 6 10% at 75 days, 69% 6 13% at
165 days, 59% 6 14% at 176 days, and 44% 6 17% at
380 days.
Table II. Four patients with postoperative complications, including data on days to complications, associated injuries,
time in the operating room, and type of bypass when converted to open
Variable Patient 1 Patient 2 Patient 3 Patient 4
Gender Male Male Male Male
Age, years 13 28 67 15
Injury mechanism Penetrating Penetrating Blunt Penetrating
Artery injury Popliteal Subclavian Axillary Axillary
Stent graft 5 mm 5 cm; 5 mm  10 cm 6 mm  50 mm 9 mm  10 cm 6 mm  100 mm
Angio ﬁnding Occlusion Occlusion Aneurysm þ occlusion Occlusion
ISS 9 26 Unknown 13
Length of stay, days 45 42 1 18
Complications Popliteal thrombosis Thrombosis Thrombosed right axillary
artery
Thrombosis
Days to complications 3 1 50 1
Associated injuries Femur fracture Flail chest, open thoracic
injury
Right clavicle fracture Left humeral fracture
OR time, minutes 58 30 156 53
Conversion to open GSV bypass GSV bypass FV bypass GSV bypass
Loss of limb BKAa d d d
BKA, Below-knee amputation; FV, femoral vein; GSV, great saphenous vein; ISS, Injury Severity Score; OR, operating room.
aUnrelated to graft thrombosis.
Fig 2. Kaplan-Meier curve indicates overall graft patency during
5 years of follow-up.
Fig 3. Kaplan-Meier curve indicates cumulative amputation-free
survival during 5 years of follow-up.
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From 1994 to 2003, the use of endovascular tech-
niques for peripheral vascular injury management increased
by 6% nationally.1 As this experience has continued to
grow, endovascular modalities have been used for a variety
of trauma applications.2-10 Endovascular approaches
decrease operative time and estimated blood loss and are
also associated with a more rapid recovery time and
decreased pain.7 Furthermore, endovascular methods can
expedite access to vessels with minimal exposure and avoid
complex dissections in potentially unstable patients.
Another unique advantage of endovascular access is its abil-
ity to constructively contribute to damage control princi-
ples by controlling hemorrhage when deﬁnitive repair isnot possible.7 Despite early experience with these technol-
ogies, there remains a signiﬁcant need to better study their
use in the trauma population.
Multiple studies have discussed the efﬁcacy of using
endovascular approaches in traumatic peripheral vessel
injury.7-10 Endovascular approaches have the advantage
of a minimally invasive, relatively rapid technique that can
curtail blood loss and expedite recovery.7 Hybrid suites
in which an endovascular repair can be attempted, followed
by an open repair without any need for moving the patient,
have even allowed for hemodynamically unstable patients
to take advantage of a minimally invasive way to control
bleeding by embolization or balloon tamponade.7
At present, indications for endovascular managementd
particularly in the peripheral vascular systemdare not well
JOURNAL OF VASCULAR SURGERY
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aortic injury has shifted to endovascular as the treatment
of choice for anatomically suitable patients, the application
of endovascular techniques in the peripheral vasculature
has been comparatively less well studied.11-13
Patient selection is fundamental to the success of an
endovascular approach. A patient with a low-velocity pene-
trating injury in an area that requires extensive or difﬁcult
surgical difﬁcult maneuvers to gain adequate exposure for
an open repair is an ideal candidate. The initial experiences
with endovascular management in trauma occurred to treat
lesions that were associated with morbid open surgical ex-
posures. One example has been that of traumatic high
extracranial internal carotid lesions. Traditional open surgi-
cal repair of these injuries has been associated with mortal-
ity rates of up to 22%, with postoperative progression of
neurologic deﬁcit in up to 21%.5 Injuries such as pseudoa-
neurysms or arteriovenous ﬁstulas can be excluded with
covered stents or coil embolization, with or without a
stent.7
Patients with substantial injuries that require multiple
open interventions will likely beneﬁt from an open vascular
repair as well.7-9 Endovascular management in these pa-
tients can be beneﬁcial for temporizing measures such as
hemorrhage control. In keeping with the literature, the pa-
tients we selected for endovascular repair were predomi-
nantly injured with low-velocity penetrating mechanisms
that resulted in single injuries to vessels. Because the ISS
was 17 (>15 considered severely injured), our patients
beneﬁted from minimal further anatomic disruption or
physiologic insult associated with anesthesia and prolonged
open surgery. Endovascular management of traumatic
vascular injuries is particularly beneﬁcial for anatomically
challenging lesions: for example, lesions that require exten-
sive dissection, treatment of arteriovenous ﬁstulas that
require protracted exposure of artery and vein, contami-
nated wounds with extensive soft tissue trauma, and pa-
tients with coexisting neurologic injury that may be
exacerbated by dissection.
The axillosubclavian region has also traditionally repre-
sented another challenging anatomic region for open surgi-
cal management. The critical relationship of the brachial
plexus to the vessels at this location, combined with a
decreasing experience with these exposures by modern
trauma providers, has led to injuries at this location being
associated with considerable morbidity and mortality.14,15
By comparison, a recent review of published experience
with endovascular management from 1990 to 2012
demonstrated a 96.9% technical success rate with initial
stent coverage of a variety of traumatic lesion types along
the axillosubclavian arterial axis.14,15
The primary criticism of endovascular repair in patients
with traumatic injuries stems from concerns regarding
technical success. Thrombosis, regardless of whether in a
stent or graft, is the most common cause of amputation.
Rates of complication after stent grafting or embolization
of injured peripheral vessels, or both, range from 0% to
25%.4-9 This large range is likely indicative of the variationin endovascular procedures performed in different institu-
tions across the nation. The Endovascular Skills for Trauma
and Resuscitative Surgery Working Group reported that
from 1996 to 2012, only 160 patients had endovascular
therapy for subclavian or axillary artery injuries. This
approach was successful in 97% of patients.4 The overall
conversion to open surgery rate in our series was 14%
(four patients), with a stent thrombosis rate of 14% (four
patients). All of our patients with complications were suc-
cessfully managed with bypass grafting; however, one of
these four patients eventually required a below-knee ampu-
tation due to the extent of his soft tissue injuries. One addi-
tional amputation was required during the 13 month
follow-up period for issues unrelated to stenting.
The differences between patients who did and did not
develop complications were not signiﬁcant. Furthermore, a
review of anticoagulation records at our institution revealed
that patients were being anticoagulated variably according
to surgeon preference, and this avenue needs to be further
explored to determine if insufﬁcient anticoagulation was
perhaps the culprit behind stent failure. Finally, we did
not distinguish between heparin-bonded and nonheparin-
bonded grafts due to the retrospective nature of this study
and thus are unable to comment on the efﬁcacy of one type
of graft over another.
CONCLUSIONS
Our present study outlines an early experience with the
application of endovascular capabilities in the management
of peripheral arterial injury in a variety of anatomic loca-
tions. Stent graft repair is applicable to a broad range of in-
juries, but the rate of short-term failure resulting in open
conversion remains high. The need to better deﬁne optimal
algorithms for use and determine long-term outcomes of
intervention requires signiﬁcant additional study.
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